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| INTRODUC TI ON
Early repolarization (ER) is a common electrocardiographic (ECG) finding defined as (a) presence of end-QRS notch or slur on the downslope of a prominent R-wave. If there is a notch, it should lie entirely above the baseline. (b) The onset of a slur must also be above the baseline. J peak is ≥0.1 mV in 2 or more contiguous leads of the 12-lead ECG, excluding leads V1-V3; and (c) QRS duration is <120 ms.
1 ER can be found in 1%-5% of the population. 2, 3 It was once regarded as a benign variant in young and healthy subjects, was recently found to cause ventricular arrhythmia (VA) and sudden cardiac death in patients without structural heart disease in specific subtypes. [4] [5] [6] [7] [8] It was also associated with a higher risk of ventricular arrhythmias in chronic coronary artery disease. 9 We aimed to assess the latest evidence on whether ER is associated with future ventricular arrhythmia after acute myocardial in-
We also aimed to analyze the characteristics of ER that are associated with VA in AMI patients, since only specific type of ER is found to be malignant in those without structural heart disease and whether ER also applies in ST-segment elevation myocardial infarction (STEMI) patients exclusively.
| ME THODS

| Search strategy
We performed a comprehensive search on topic that assesses ER and VA/adverse cardiovascular events in AMI with keywords ["Early
Repolarization" and "myocardial infarction"] and its synonym from inception up until February 2019 through PubMed, EuropePMC (non-MEDLINE), EBSCOhost (non-MEDLINE), Cochrane Central Database, ClinicalTrials.gov, and hand sampling from potential articles cited by other studies. The records were then systematically evaluated using inclusion and exclusion criteria. We also perform hand sampling from references of the included studies. Two researchers (E.Y and R.V) independently performed an initial search, discrepancies were resolved by discussion. A Preferred Reporting
Items for Systematic Reviews and Meta-Analyses flowchart of the literature search strategy of studies was presented in Figure 1 .
| Selection criteria
The inclusion criteria for this study are all studies that assess ER and VA/adverse cardiovascular events in AMI. Ventricular arrhythmias in our study are defined as VT/VF. We include all related clinical researches/original articles and exclude case reports, review articles, and non-English language articles.
| Data extraction
Data extraction and quality assessment was done by 2 independent authors (R.P and E.Y) using standardized extraction form which includes authors, year of publication, study design, sample size, timing of ECG, study definition of VA, presence of early repolarization, location of ER, Notched or slurred morphology, ST-segment morphology, J-point elevation, and follow-up period.
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| Statistical analysis
To perform the meta-analysis, we used RevMan version 5.3 software (Cochrane Collaboration) and STATA 14. We used the odds ratio (OR) and a 95% CI as a pooled measure for dichotomous data. We used mean difference (MD) and its SD as a pooled measure for the continuous data. Inconsistency index (I 2 ) test which ranges from 0% to 100% was used to assess heterogeneity across studies. A value above 50% or P < 0.05 indicates statistically significant heterogeneity. We used the Mantel-Haenzsel method (for OR), and the Inverse Variance method (for MD) with a fixed effect model for meta-analysis and a random effect model was used in case of heterogeneity. All P values were 2-tailed with a statistical significance set at 0.05 or below.
| RE SULTS
We found a total of 626 results and acquired 2 additional records from hand sampling from related citations. There were 602 records after removal of duplicates. After screening the title/abstracts, 591 records were excluded. After assessing 11 full-text for eligibility; we excluded 2 because of unrelated outcomes. Shulman et al only included ST-segment elevation in general and excluded AMI patients. Yu et al did not include early repolarization in their ECG parameters. We included 9 studies in the qualitative synthesis and meta-analysis. [10] [11] [12] [13] [14] [15] [16] [17] [18] (Figure 1 ) Three studies were prospective observational studies and 6 studies were retrospective observational.
There were a total of 3350 subjects from 9 studies. (Table 1 ).
| Study characteristics
A total of 3350 subjects from 9 studies were included. Five studies reported the morphological characteristics of ER and their association with VA.
| Early repolarization and ventricular arrhythmia
Nine studies showed that ER was associated with VA in patients with AMI. [10] [11] [12] [13] [14] [15] [16] [17] [18] On meta-analysis, ER (+) was associated with VA with a pooled OR of 3.58 (2.70-4.73), P < 0.001; heterogeneity I 2 34%, P = 0.15. Pooled sensitivity 41.1%, specificity 84.2%, LR (+) 2.6, and LR (−) 0.69. (Figure 2A ). Figure 2B ). 
| Early repolarization and mortality
| Characteristics of early repolarization associated with ventricular arrhythmias
| Location of early repolarization on ECG
Three studies reported that the inferior location of ER was associated with VA. 13, 14, 17 Four studies showed no significant asso- Figure 3A ). Lateral and global/both location of ER was not associated with a higher VA incidence.
| Morphology of early repolarization
Five studies reported that notching of J-Wave in ER (+) patients had a statistically significant relation with VA incidence. [12] [13] [14] 18 Two studies reported a higher incidence of VA in notching, however, they
were not statistically significant. Three studies reported that horizontal ST-segment in ER (+) patients were associated with a higher incidence of VA and one study did not. descending, after removal of the study, the result was still significant. Upsloping ST-segment was not related to increased VA.
We performed a sensitivity analysis for the pooled result with moderate-high heterogeneity (inferior location and horizontal STsegment) by removing study one at a time. 
| D ISCUSS I ON
Early repolarization was associated with the incidence of VA in This may underestimate our outcome of interest related to ER which 
also includes sustained VT. Since the studies were mostly measuring the association between ER and VA as a whole, we did not know whether the increase VT or VF risk was more prominent in one than
another. This may affect the pooled measure of our meta-analysis.
Early repolarization is also postulated to be a risk factor for VF adjusted to the cases in the respective study. One of the major issues is the difference in ECG timing related to AMI, however, upon subgroup analysis, the results were still significant. Elevation of J point may be a concern during acute coronary ischemia, however, most of these studies assessed ER before AMI or after the resolution of ST-segment changes; one study did assess during acute ischemia, however, it only assesses ER in leads that are unaffected in the population (anterior only). Mortality and MACE also lacked data, only 2 studies reported the mortality. Hence, ER may or may not reflects increased mortality. We have performed a subgroup analysis on STEMI, however, similar analysis on non-ST segment elevation acute coronary syndrome (NSTE-ACS) is not possible; because there is no study that excluded STEMI and the present studies did not divide their outcome based on STEMI and NSTE-ACS.
| CON CLUS ION
Early repolarization especially those with the inferior location, notching of J-wave morphology, an elevated J-point, and horizontal ST-segment had a higher likelihood of VA in AMI patients. ER in STEMI patients was associated with the VA. Lateral location ER, slurred J-wave, and upsloping ST-segment were not associated with an increase in VA. We suggest prospective cohort studies and inclusion of ER in acute coronary syndromes registry since ER is associated with three to fourfold risk of ventricular arrhythmias in a patient with AMI, hence, a significant prognostic indicator. We also suggest that all studies that evaluate ER and AMI to include mortality and MACE in addition to VA only.
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